A mechanistic study of enhanced doxorubicin uptake and retention in multidrug resistant breast cancer cells using a polymer-lipid hybrid nanoparticle system.
The objectives of this study were to evaluate the potential of a polymer-lipid hybrid nanoparticle (PLN) system to enhance cellular accumulation and retention of doxorubicin (Dox), a widely used anticancer drug and an established P-glycoprotein (Pgp) substrate, in Pgp-overexpressing cancer cell lines and to explore the underlying mechanisms. Nanoparticles containing Dox complexed with a novel anionic polymer (Dox-PLN) were prepared using an ultrasound method. Two Pgp-overexpressing breast cancer cell lines (a human cell line, MDA435/LCC6/MDR1, and a mouse cell line, EMT6/AR1) were used to investigate the effect of nanoparticles on cellular uptake and retention of Dox. Endocytosis inhibition studies and fluorescence microscopic imaging were performed to elucidate the mechanisms of cellular drug uptake. Treatment of Pgp-overexpressing cell lines with Dox-PLNs resulted in significantly enhanced Dox uptake and more substantial increases in drug retention after the end of treatment compared with free Dox solutions (p < 0.05). Fluorescence microscopic images showed improved nuclear localization of Dox and uptake of lipid when the drug was delivered in the Dox-PLN form to MDA435/LCC6/MDR1 cells. Endocytosis inhibition studies revealed that phagocytosis is an important pathway in the membrane permeability of the nanoparticles. These findings suggest that some of the Dox physically associated with the nanoparticles bypass the membrane-associated Pgp when delivered as Dox-PLNs, and in this form, the drug is better retained within the Pgp-overexpressing cells than the free drug. The present study suggests a new mechanism for overcoming drug resistance in Pgp-overexpressing tumor cells using lipid-based nanoparticle formulations.